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Abstract 
 
The radiation degradation yield (Gd) of κ- carrageenan was determined at different conditions. The computed Gd 
were as follows: 2.5, 1.7 and 1.2 for solid in atmosphere, solid in vacuum and at 1% aqueous solution, 
respectively. 
 
Chemical structure of irradiated κ-carrageenan at different doses (1% aqueous and solid in air and in vacuum) 
was investigated using several methods (UV-Vis / FT-IR / NMR spectroscopy / reducing sugar analysis / sulfate 
and carboxylic acid analysis). The chemical and spectral analyses of the radiolytic products indicated increasing 
reducing sugars, carbonyl, carboxylic acids, and sulfates with increasing doses which reach a maximum level at 
a certain dose depending on the irradiation condition.  NMR data also revealed an intact structure of the oligomer 
irradiated at 100 kGy in the specific fraction that contains an Mw = (3-10) kDa.   

 
1. INTRODUCTION  
 
Kappa carrageenan is a class of red seaweed from the Eucheuma species found abundantly in the 
Philippines. It is made of galactose residues made up of α - (1, 4) D-galactose-4-sulfate and β - (1,3) 
3,6-anhydro-D-galactose units (Figure 1). Carrageenans are known to have valuable biological 
functions. Due to the superior gelling and high viscosity properties of the native carragenans, their 
utilization for biological applications is in most cases in the form of their oligomers. Oligomers of 
carrageenan can easily be prepared through depolymerisation either by chemical or enzymatic 
hydrolysis. Recently, degradation by radiation processing of the carrageenans has gained much 
attention due to its technological effectiveness in producing low molecular weight oligomers. 
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FIG. 1. Idealized structure of κ- carrageenan.  

 
Radiation modification of natural polymers like carrageenan has been a subject of research during the 
past years.  This has resulted in the synthesis of value-added products such as plant growth promoter 
and plant protectors.  Radiation processed carrageenan oligomers have been studied for plant growth  
promoter. Upon irradiation, carrageenans are depolymerized to form shorter fragments. When solution 
of irradiated κ-carrageenan is mixed with the growth medium for rice seedlings under hydroponics 
conditions, stimulation of growth is observed [1, 2].  This growth promoting activity of κ-carrageenan 
is maximum at 100 kGy. Plant growth promoter effect has also been tested in vegetables like bok-choi 
and mustard.  
 
Previous report discussed on some spectral analyses and dynamic behavior of irradiated κ-carrageenan 
with irradiated dose. Using dynamic light scattering technique, appearance of fast relaxation mode in 
characteristic time decay function is observed at doses of 75–150 kGy. Optimum peak intensity is 
found at 100 kGy which coincides with the optimum biological activity of κ-carrageenan.  The 
approximate molecular weight of this oligomer is estimated to be 5 – 10 kDa [3].  This paper will 
report on the radiation degradation yield, some chemical and structural changes of κ-carrageenan with 
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irradiation dose. It will also determine the chemical structure of the oligomer (<10 kDa) obtained at 
100 kGy by NMR. 
 
 
2. METHODOLOGY 
 
2.1. Molecular Weight Measurement 
GPC analyses were performed on a Tosoh chromatograph equipped with DP-8020 pump, CO-8020 
column oven, RI-8020 refractive index detector and four TSK gel PWXL columns in series (G6000 
PWXL, G4000 PWXL, G3000 PWXL and G2500 PWXL.  Elution was carried out using 0.1M NaNO3 
(to suppress electrostatic effects) as the mobile phase at a flow rate of 0.5 ml/min.  The temperatures 
of the column and detector were both maintained at 40oC.  A calibration curve was constructed using 
polyethylene oxide as standards. All molecular masses reported in this work are based on PEO 
standards and are not absolute. 
 
 
2.2. Spectral Analyses 
FT-IR spectra of samples in KBr pellets (1mg / 100mg KBr) were measured using an FT-IR Nicolet 
Magna 550 at ambient temperature in the region of 4000-400cm-1.  
 
UV-visible spectroscopy of carrageenan solutions was performed using a Shimadzu spectrophotometer 
UV-265 FW at ambient temperature and at 0.025% (w/v) concentration. 
 
2.3. Chemical Analyses 
The reducing group of the carrageenans was determined using the Nelson-Somogyi method of analysis 
with galactose as the standard [4]. 
 
The total acidity of the carrageenans was determined by acid–base titration method.  Carrageenan 
solutions were titrated against standardized NaOH using a phenolphthalein indicator to determine end 
point. The acidity was reported as % H2SO4 in carrageenan. 
Samples of κ-carrageenan were washed three times in ethanol (95% purity) to remove the free 
sulfates.  The samples were then freeze dried.  Percent carboxylic acid was determined by acid-base 
titration with standardized NaOH of these washed samples. The % free sulfates was then computed as 
follows: 
 

% Free Sulfates = % Total acidity– % Acidity due to COOH 
 
The percent cleaved sulfate was computed as follows: 
 

% Desulfation = % free sulfates / 20.98  x 100 
 
where the value 20.98 is the theoretical percent sulfate (as HSO3-) present in κ-carrageenan 
per mole of the repeating unit. 
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2.4. Fractionation of Irradiated κ-carrageenan 
Solid κ-carrageenan was irradiated by gamma irradiation at an absorbed dose of 100kGy. The sample 
was dissolved at 1% concentration and fractionated using an Amicon Pressure Filtration set up 
pressurized with N2O gas (not exceeding 1.5 kgf/cm2) using Millipore filters with molecular weight 
cut offs of  >30 kDa, 10-30 kDa, and 3-10 kDa.2.5. NMR of Irradiated κ-Carrageenan 
 
Fractionated samples with molecular weight cut off of 3–10 kDa were dissolved in D2O at 
concentrations of 30-40 mg/ml. NMR analyses were carried out using a Broker 300 Ultra Shield 
equipment with 300MHz frequency at room temperature (25oC). The 1H spectra were recorded using 
8 scans. 13C spectra were obtained using 2400 scans with 3-(Trimethylsilyl)-1-propanesulfonic acid 
(DDS) as internal standard. Neocarrabiose-4-O-Sulphate (DP=1, mol.wt = 449) and Neocarrahexaose-
41,3,5-tri-O-suphate (DP=3, mol. wt = 1265) were also analyzed as reference materials. 
 
3.  RESULTS AND DISCUSSION 
 
3.1. Radiation Degradation Yield of κ-Carrageenan 
Radiation degradation yield (Gd) is defined as radiation chemical yield which represents the number 
of radiolysis events caused by the absorption of 100 eV of radiation. Gd (mol/J) expresses the 
degradation susceptibility of the polymer during radiation and can be calculated according to the 
equation based on the theory of radiation degradation;   
 
 
 

  
 
 
where Mn is the number-average molecular weight at absorption dose; Mn0 is the initial number 
average molecular weight; D is the absorbed dose in kGy.  
 
In aqueous solution, the concentration of the polymer has to be considered in the computation of the 
Gd since equation 1 is based on 1 kg polymer.   Hence, the Gd in aqueous solution is as follows; 

 
 

           
 
where c is the fractional weight of carrageenan solution.  
 
Figure 2 shows the change in molecular weight with dose of kappa carrageenan irradiated at different 
conditions.  Expectedly, the molecular weight decreased drastically in aqueous solution as compared 
to solid due to the indirect effect of the free radicals from radiolysis of H2O. At 20kGy, no decrease in 
molecular weight was observed in aqueous conditions. Instead, a marked increase in radiolytic 
product appeared with increasing radiation dose as shown in the GPC profile in Figure 3. The Gd at 
1% κ- carrageenan solution was thus obtained only by determining its molecular weight at low 
irradiation doses between 1 to 10kGy. The minimum molecular weight obtained by gamma 
degradation of κ-carrageenan was around 3,000 daltons at a dose of 50kGy. The decrease in 
molecular weight of κ- carrageenan irradiated in vacuum was lower than that in air. This result is 
again expected as some peroxy radicals are formed when irradiated in air. The computed Gd of κ- 
carrageenan at different conditions is as follows: 2.5, 1.7 and 1.2 for solid in atmosphere, solid in 
vacuum and at 1% aqueous solution, respectively.   For κ- carrageenan whose known optimum 
biological activity is at 100kGy, an absorbed dose of approximately 2 kGy would be sufficient to 
obtain the desired molecular weight at 1% wt aqueous solution. Similar studies using Na+ type 
carrageenan indicate a lower radiation yield of 1.3 and 0.8 for solid in atmosphere and at 4% gel state 

133 
 

Working Material

Working Document



κ- carrageenan [1].  Values of Gd for chitosan, alginate and galactomannans both in aqueous and solid 
form have been reported by different authors (Table 1).  In general, the Gd of κ-carrageenan both in 
solid and aqueous form is higher than other polysaccharides. This implies that κ-carrageenan is more 
susceptible to radiation degradation than these other polysaccharides. 
 

 
FIG. 2. Mw of κ-carrageenan in air, in vacuum and in 

aqueous solution at various doses. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
FIG. 3.  GPC chromatogram rradiated aqueous (1%) κ-

carrageenan. 
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TABLE 1.  ADIATION DEGRADATION YIELD OF DIFFERENT POLYSACCHARIDES IRRADIATED 
IN SOLID AND AQUEOUS (1%) SOLUTION. 

 
Gd (x 10-7 moles/joule)  

Solid on air 4% aqueous 1% aqueous 
κ-carrageenan 1.3 [1] 

2.5 
0.3 [1] 1.2 

chitosan 6.0 [5] 

1.8 [6] 

0.9 [6] 

 3.53 [8] 

galactomannans 0.9-1.1 [7]   
alginate 1.9 [9] 0.7 [9] 

0.1 [8] 
0.6 [9] 
0.8 [8] 
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3.2. Reducing Sugar 
Depolymerization of polysaachrides by conventional methods is accompanied by the production of 
reducing sugars [10,11]. Similarly, radiation induced depolymerization of carrageenan produces 
reducing sugars. Thus, the number of reducing sugars indirectly determines the number of cleaved 
glycosidic linkages.  Figure 4 presents the dose dependence of the concentration of reducing groups 
for carrageenan at different irradiation conditions. The yields of radiolytically formed reducing 
groups, i.e. carbonyl groups, increased with increasing doses. Free carbonyl groups in 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 presence of oxygen influences to some extent the concentration of these groups. Thus, 
increase in reducing sugar was higher in air than in vacuum for solid κ-carrageenan.  Obviously, 
aqueous κ-carrageenan yielded more reducing sugars as more radiolytically formed reducing groups 
are expected from the indirect effect of OH radicals. Maximum amount of reducing sugars was 
obtained at 50kGy. Beyond this dose, oxidation of these reducing groups may have resulted in the 
formation of carboxylic acids which resulted in the reduction of reducing group.  
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FIG. 4. Percent reducing sugar of κ-carrageenan irradiated at increasing doses. 

 
3.4. Acidity 
Sulfated galactans like carrageenans are known to release their sulfates after depolymerization [12-14] 
rendering them acidic.  Figure 5 shows a slight increase in acidity (as H2SO4) with solid carrageenans 
irradiated in vacuum and in air. Increase in acidity of the vacuumed samples was almost zero.  
Irradiation in aqueous solution, on the other hand, showed a sharp increase in acidity up to 50 kGy 
and starts to plateau beyond this dose. A high percent acidity of around 16% percent (as H2SO4) was 
observed at a dose of 200 kGy. Since the source of acidity of irradiated carrageenans does not 
originate only from the cleaved sulfates but also from the carboxylic groups formed (from oxidation 
of carbonyl groups), it would be interesting to know how much of the acidity is contributed by these 
groups.  Tables 2a-c show the amount of carboxyl and free sulfate (as bisulfate) groups of κ-
carrageenan irradiated at increasing doses.  The amount of carboxyl groups steadily increased with 
dose for κ-carrageenan irradiated both in air and in vacuum.  The values are however smaller for the 
vacuumed samples.  Irradiation in air indicated that the free sulfates are the major contributor of the 
acidity of irradiated solid κ-carrageenan.  No changes in the amount of free sulfate were observed 
beyond 50 kGy.  Percent desulfation leveled off at around 9%. In vacuumed samples, the major 
contributor for the acidity of irradiated solid κ-carrageenan was the carboxyl groups (starting at 50 
kGy) with values higher than the free sulfate groups.  The free sulfate values were quite negligible, 
almost less than 1% desulfation.  In aqueous irradiation, percent acidity was contributed both by the 
free sulfate and carboxyl groups which continuously increased with increasing dose. No further 
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release in sulfate was observed beyond 100 kGy. Percent desulfation at this dose was quite high which 
reached a value of around 40%.  A similar study using 5% sodium type κ-carrageenan shows 
desulfation to cease beyond a radiation dose of 10 kGy. A maximum of 10% desulfation is observed 
[1].   
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TABLE 2A.  ACIDIC COMPOSITION OF GAMMA IRRADIATED SOLID κ-CARRAGEENAN (IN AIR) 
WITH DOSE. 
 

Radiation Dose 
(kGy) 

% Acidity (as 
H2SO4) 

%COOH Free Sulfates 
% HSO3

- % Desulfation 

2 0.46 0.01 0.41 1.95 
10 1.96 0.40 1.39 6.62 
20 5.52 3.35 1.72 8.20 
50 8.94 4.44 3.77 17.97 

100 11.78 4.67 8.23 39.22 
200 15.59 5.67 8.64 41.18 

 
 
 
TABLE 2B. ACIDIC COMPOSITION OF GAMMA IRRADIATED SOLID κ-CARRAGEENAN (IN 
VACUUM) WITH DOSE. 

Radiation 
Dose (kGy) 

% Acidity (as 
H2SO4) 

%COOH Free Sulfates % 
HSO3

- % Desulfation 

10 0.07 0.02 0.05 0.24 
20 0.14 0.06 0.07 0.33 
50 0.17 0.15 0.01 0.05 

100 0.21 0.19 0.01 0.05 
200 0.33 0.27 0.04 0.19 

 

FIG. 5.  Percent Acidity of κ-carrageenan as a function of radiation dose at different conditions. 
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TABLE 2C.  ACIDIC COMPOSITION OF GAMMA IRRADIATED κ-CARRAGEENAN (1% AQUEOUS 
SOLUTION) WITH DOSE. 
 

 
 
 
 
 
 
 
 

Radiation Dose 
(kGy) 

% Acidity (as 
H2SO4) 

%COOH Free Sulfates 
(as % HSO3

-) % Desulfation 

10 0.52 0.00 0.48 2.29 
20 0.97 0.04 0.85 0.19 
50 2.07 0.08 1.81 8.63 

100 2.49 0.17 2.11 10.06 
200 3.15 1.01 1.88 8.96 

 
3.5. UV-Vis Spectrum 
 
It is already known that degradation of polysaccharides leads to some chemical changes such as the 
formation of carbonyl, carboxyl or double bonds [9, 15-16].  Likewise, it has also been reported that 
UV spectra of carrageenan show a new absorbance peak at around 260nm. This is attributed to the 
formation of carbonyl groups or double bond in the pyranose ring [1].  The current result also shows 
new absorbance peak at 260nm for κ-carrageenan with increasing peak intensities at higher doses. A 
plot of the increase in absorbance at 260 nm with radiation dose is shown in Figure 6.  Irradiation in 
solid gave a linear curve. The slope of the curve was slightly higher in air than in vacuum (see inset). 
The reaction of peroxy radicals from O2 could have generated more carbonyl groups [17-19].  
Increase in absorbance for1% aqueous carrageenan solution was very much higher than in solid.  This 
is expected due to the indirect effect of radical species from the radiolysis of water. For aqueous κ-
carrageenan, a decrease in the slope of the curve beyond 100 kGy was observed. Irradiating aqueous 
κ-carrageenan at a dose of as high as 100 kGy may have resulted in the decomposition of 
carbonyl/carboxyl peaks to probably CO2, thus, the decrease in the slope beyond 100 kGy. 
 
3.6. FT-IR Spectrum 
 
FT-IR spectra in Figure 7 show the finger print functional groupings of κ-carrageenan [20] and some 
changes with irradiation. The spectra of κ-carrageenan irradiated in solid at atmospheric condition and 
in vacuum indicate that the functional groupings of carrageenan were entirely kept intact even at a 
high dose of 200 kGy (in air) and 100 kGy (in vacuum).  Appearance of new absorption band at 1728 
cm-1 was seen. This peak corresponds well to the 
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FIG. 6. UV absorbance (260 nm) of irradiated κ-carrageenan at different conditions. 
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FIG. 7. FT-IR spectra of κ-carrageenan irradiated in air, in vacuum and in 1% aqueous solution at different doses. 
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increase in UV absorbance at 260 nm suggesting the formation of carbonyl group. On the other hand, 
more changes in the functional groupings were observed at 1% aqueous solution κ-carrageenan 
irradiated from 2kGy to 100kGy. Increasing carbonyl peaks was observed with increasing doses. At 2 
kGy, the finger print functional groups of carrageenan were also kept intact.  The peak corresponding 
to the methylene, C-O and C-OH groups (1,340 – 1520cm-1) decreased slightly at 2kGy. The spectra 
for κ-carrageenan starts to be distorted at 10kGy with a further decrease in the 1,340 – 1520cm-1 
peaks, decrease in polymer bound water and shifting of the 964 – 1200cm-1 peaks toward a higher 
wavelength. This distortion gets to be more prominent at 100kGy with the loss of the peaks 
corresponding to covalent sulfate, 3,6 anhydro bridge and D-galactose-4-sulfate.    
 
 
3.7. Fractionation of Irradiated κ-carrageenan 
 
Oligomers of κ-carragenan obtained at an absorbed dose of 100kGy (in solid, optimum plant growth 
promoter effect) and 2kGy (1% aqueous, Mw 100 kGy in solid) have been separated using 
Millipore filter papers with different molecular weight cut-offs. Table 3 shows the weight average 
molecular weight obtained by GPC of the different fractions of κ-carrageenan irradiated in solid state 
in air and in vacumm at 100kGy and 1% aqueous solution at 2kGy. Fractionation was well achieved 
as seen from the Mw of the different fractions. The fractionated κ-carrageenan containing < 3kDa had 
an additional radiolytic product peak with an Mw of around 900. This fraction also contained higher 
carbonyl and/or double bonds as indicated by the UV-Vis absorbance at 260nm in Table 4.  Thus, only 
the fraction of oligomers with an Mw of 3- 10 kDa was considered to probably contain the biological 
active components for plant growth promoter. The fraction containing an Mw of 3- 10 kDa constitutes 
only 11% based from its yield. This implies that the active component for the biological activity of κ-
carrageenan comprises only a small fraction of the irradiated κ-carrageenan per unit weight.   
 
 
TABLE 3. MOLECULAR WEIGHT OF THE FRACTIONATED SAMPLES OF IRRADIATED κ-
CARRAGEENAN. 
 
 

 Mol. Wt. Cut-off 
(kDa) 

Mw Peak 1 Mw Peak 2 

< 3,000 9,000 910 
3,000-10,000 15,000 - 
10,000-30,000 26,000 - 

100 kGy  in Air 

> 30,000 38,000 - 
<3,000 7,000 930 
3,000-10,000 13,000 - 
10,000-30,000 32,000 - 

2 kGy  

1% Aqueous 

> 30,000 30,000 - 
< 3,000 10,000 890 
3,000-10,000 29,000 - 
10,000-30,000 26,000 - 

100 kGy in Vacuum 

> 30,000 - - 
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TABLE 4. UV-VIS (λ = 260NM) OF FRACTIONATED IRRADIATED  κ-CARRAGEENAN (0.025%). 

Mol. Wt. Cut-off 
Fraction 

Solid (100 kGy) 1% Aqueous  
(2 kGy) 

Vacuum (100 kGy) 
0.1% 

> 30,000 - - - 
10,000-30,000 0.005 0.006 0.047 
3,000-10,000 0.004 0.028 0.051 

<3,000 0.025 0.023 0.118 
 

3.8. NMR of Fractionated Irradiated κ-carrageenan (Mwt Cut-off of 3-10kDa) 

NMR spectroscopy gives valuable information about polysaccharide structures especially if the 
polysaccharide molecules are built of identical or related oligomeric blocks such as the case of 
carrageenans. It is quite helpful in the primary structure elucidation. Several data are now available 
for the NMR analysis of κ-carrageenan samples using both 1H and 13C NMR spectra [21-41].   
 
It is known that the optimum plant growth promoter effect of κ-carrageenan is observed in oligomers 
with an Mw < 10kDa.  Thus, it would be interesting to determine the structure of fractionated 
irradiated κ-carrageenan with a molecular weight cut-off of 3 to10kDa.  NMR spectroscopy was 
performed on this specific fraction.  Interpretation of the NMR spectra was made by comparing it with 
available model compounds such as neocarrabiose (DP-1) and hexacarrabiose (DP-3).  
 
13C and 1H-NMR spectra of the fractionated oligomers from irradiated κ-carrageenan are shown in 
Figure 8.  The 1H-NMR indicated a simple spectra with six 12 different protons.  This may 
correspond to the protons of the 12 different carbons of the dimer unit of κ-carrageenan. The peaks in 
the spectra were rather broad which probably contains some overlapping unresolved peaks. This 
clearly indicates that the oligomers obtained were still large enough for the details of the proton to be 
seen by NMR. The spectra of these oligomers resemble more the spectra of a κ-carrageenan polymer 
rather than that of the neocarrabiose oligosaccharides. Based from the obtained MW from GPC 
experiments, these oligomers would have approximately a DP of 39.  The proton NMR chemical shift 
data are shown in Table 5.  The obtained δ were quite close to reference values taken from κ-
carrageenan oligomers. 13C NMR spectra of radiation processed κ-carrageenan oligomer indicated 
only 11 different types of Carbons.  Similar spectra are observed in the native κ-carrageenan polymer 
from references. Like the 1H-NMR, the 13C δ data of κ-carrageenan were quite close to reference 
values taken from the polymer and oligomer with DP4 (Table 6).  
 
Based on the 13C and 1H NMR spectra, the κ-carrageenan oligomers obtained from the polymer 
irradiated in solid in air and in vacuum and at 1% aqueous solution indicated still an intact repeating 
unit of the dimer with no changes in the chemical structure of the galacto-pyranose ring.  This result 
could present further explanation on the optimum plant growth promoter effect found at 100kGy for 
solid irradiation. 
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TABLE 5.  CHEMICAL SHIFTS OF THE PROTON NMR OF IRRADIATED κ-CARRAGEENAN 
OLIGOMERS. 
 

 Solid Vacuum Aqueous Reference  
Polymer 

[39] 

Reference  
LMW 
[25] 

G-1 4.57 4.58 4.57 4.75  4.60 
G-2 3.50 3.50 3.50 3.74  3.55 
G-3 3.90 3.91 3.90 4.10  3.97 
G-4   4.83 4.95  4.81 
G-5 3.71 3.72 3.71 3.93  3.76 
G-6 3.71 3.72 3.71 3.93 3.76 
A-1 5.01 5.01 5.01 5.24  5.06 
A-2 4.04 4.04 4.05 4.12  4.10 
A-3 4.43 4.44 4.44 4.30  4.48 
A-4 4.51 4.51 4.51 4.75 4.60 
A-5 4.56 4.56 4.56 4.65  4.56 
A-6a 3.98 3.98 3.98 4.15  4.01 
A-6b 4.13 4.13 4.13 4.25  4.18 
A-6a nr 3.94 3.94 3.94   

 
 
TABLE 6.  CHEMICAL SHIFTS OF THE C-13 NMR OF IRRADIATED κ-CARRAGEENAN OLIGOMERS. 

 Solid Vacuum Aqueous Reference 
(Polymer) 

[22] 

Reference 
(DP4) 
 [22] 

G-1 102.87 102.89 102.88 102.5 102.2 
G-2 69.81 69.82 69.81 69.9 69.6 
G-3 78.51 78.51 78.50 78.8 78.7 
G-4 74.12 74.13 74.11 74.0 73.8 
G-5 75.18 75.18 75.17 74.8 74.5 
G-6 61.68 61.68 61.67 61.3 61.0 
A-1 95.08 95.09 95.08 95.1 94.9 
A-2 70.01 70.01 70.01 69.7 69.8 
A-3 79.60 79.61 79.60 78.3 78.9 
A-4 78.87 78.86 78.85 79.1 78.0 
A-5 77.08 77.05 77.06 76.8 76.5 
A-6 70.01 70.01 70.01 69.4 69.6 
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4.  CONCLUSION 
  
The radiation degradation yields of κ-carrageenan in solid and in aqueous (1%) form at different 
conditions were found to be as follows: 2.5, 1.7 and 1.2 x 10-7 mol J-1 for solid in atmosphere, solid in 
vacuum and at 1% aqueous solution, respectively.  Based on the Gd, 1% aqueous κ-carrageenan may 
be irradiated at a dose of as low as 2 kGy for optimum plant growth promoter effect. 
 
Chemical structure of irradiated κ-carrageenan at different doses (1% aqueous and solid in air and in 
vacuum) was investigated using several methods (UV-Vis / FT-IR / NMR spectroscopy / reducing 
sugar analysis / sulfate and carboxylic acid analysis). Like most other polysaccharides, increase in 
carbonyl groups, reducing sugar and acidity (free sulfates and carboxylic groups) with increasing 
doses were the observed radiolytic effects in κ-carrageenan.  For solid irradiation, its chemical 
structure backbone was still kept intact even at a high dose of 200kGy. On the other hand, aqueous 
(1%) irradiation resulted in the destruction of the polymer backbone starting at a dose of 10kGy.  The 
integrity of the chemical structure of κ-carrageenan irradiated in 1% aqueous solution at 2 kGy and 
solid (in vacuum and air) at 100 kGy (known to have optimum biological activity) has been proven by 
NMR.  While irradiated κ-carrageenan may have some changes in functional groupings (from the 
chemical and spectral analyses), these groups may only be present as a small fraction of the entire 
molecular weight distribution. Most probably this is present in the fraction with an Mw < 3kDa as 
indicated by its carbonyl peak at 260nm of the UV-Vis spectra.  
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