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Abstract

Degradation Of K-carrageenan using vessel-type low energy electron accelerator was

investigated. Carrageenan with different molecular weights were obtained from irradiation of

high molecular weight (HMW) and low molecualr weight (LMW) K-carrageenan. Other results

presented were obtained from degradation studies of carrageenan by gamma rays. The decrease

in molecular weight was accompanied by partial desulfation. From comparison of radiation

degradation yield (Gd), it was found that the susceptibility to radiation of the three types of

carrageenans in aqueous/gel forms follows the order of t->>K- and could have been

influenced b y t heir c onformational s tate. K -Carrageenan with in olecular w eight f c a. I ,000

showed strong growth promotion effect for potato in tissue culture.

Introduction

Carrageenans are sulfated anionic polymers that comprise the main structural polysaccharides of

red seaweed (Rhodophyceae)[1] They are composed of D-galactose units linked alternately with

a 14 and 13 linkages. These sulfated galactans are classified according to the presence of the

3,6 anhydrogalactose on the 4-linked residue and the number and position of the sulfate group.

The repeating units of idealized structure Of K -, and X-carrageenans are shown in Fig. I 

Degraded polysaccharides by enzyme, chemical or radiation have been shown to have important

biological activities 24]. Degradation by radiation can be achieved either by g aninia-ray or
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electron beam. Radiation from low energy electron accelerators do not penetrate deep into the

surface of material compared to gamma rays but it is effective enough in some technological

processes such as radiation vulcanization of natural rubber latex, crosslinking of hydrogel film,

degradation of polysaccharides and sterilization of seeds and granules [5]. This study

demonstrates the use of a 16 liter-vessel type low energy electron accelerator 250 keV, IO mA)

for the degradation of carrageenan. The susceptibility of the three types of carrageenan towards
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radiation degradation in relation to their conformational state will be discussed.

Fig. 1. Idealized structures of the three types of carrageenans

Experimental

Materials Commercial refined Na+ types K 9 t- and X-carrageenans were purchased from Marine

Science Co, Ltd, Japan. type carrageenan was used for low energy electron beam irradiation

and this was obtained from Shemberg Corp. Philippines. The samples were used without further

purification for all the radiation work. The purity of the three types of carrageenan was
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confirmed by their FT-IR characteristic absorption bands corresponding to the presence of

sulfate groups and by gelling capacity.

Low energy electron accelerator irradiation. A self shielded low energy accelerator is used as

the radiation source. The accelerator is assembled in box 175 cm x 199 cm. The length and

width of the beam window are 20 and 6 cm, respectively. 14 L of -carrageenan solution was put

in the cylindrical stainless steel iradiation vessel with a diameter of 29 cm and height of 30.5 cm

and the solution was stirred throughout irradiation. Degradation of carrageenan was carried out

using accelerating energy of 250 kV at beam current.

Gamma irradiation. Powder and aqueous carrageenan rradiated in air at ambient temperature.

To obtain homogenous solution, carrageenans were dissolved in water at 4 concentration by

heating at 80 0C. Upon cooling, K- and t-carrageenan formed hard and weak gel respectively,

without adding any counterions and �.-carrageenan gave a very viscous solution. Irradiation was

carried out using gamma rays from Co-60 source with a dose rate of IO kGy/hr.

Analytical Measurements. Viscosity was measured using Tokimec rotary viscometer at 25'C.

Gel pen-neation chromatographic analyses of the carrageenans were performed on Tosoh

chromatograph equipped with DP-9020 pump, CO-8020 column oven, RI-8020 refractive index

detector and three TSK gel PWXL columns in series (G6000 PWXL, G2500 PWXL and G3000

PWXL). Elution was carried out using 01 M NaNO3 as the mobile phase at a flow rate of 0.5

ml/min. The temperatures of the column and detector were both maintained at 4O'C A

calibration curve was constructed using pullulan and polyethyleneglycol standards. The

carrageenan concentration used was 0.1%. Sulfate content was determined by elemental

analysis of sulfur. Samples were washed with isopropyl alcohol/water mixture to remove the

free sulfates and were dried at 400C in vacuum oven. Analysis of elemental sulfur was

performed using the Perkin Elmer CHNS analyzer 2400II series.

Results and discussion

Molecular weight of carrageenan

Degradation Of K-carrageenan with low energy electron beam (LEEB) have some

limitations compared to gamma-rays. The design of this machine which includes strong agitation

during irradiation facilitates the degradation. Polysaccharides including carrageenan, alginate,

chitosan have molecular weights in the millions and therefore their solutions have extremely
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high viscosity. Futhermore, carrageenan has the unique ability to form gels at even low

concentration. A maximum of 1% concentration can only be prepared from high molecualr

weight (HMW) carrageenan since at concentration higher than 1%, carrageenan forms a weak

gel. It is expected that in order to irradiate carrageenan in high concentration and avoid

formation of gel, low molecuaIr weight (LWM) carrageenan must be used. Fig. 2 describes the

preparation of LWM carageenan by gamma-irradiation in solid state. Enclosed in parenthesis are

weight-average molecular weight (Mw). Fig. 2 reveals that even if the K-carrageenan has been

degraded to 100 kGy, only 3 can be prepared since it gave a weak gel above 3. his is either

due t o the p resence o f double h elix s tructure o f carrageenan in solid s tate w hch can t olerate

glycosidic cleavage without the same decrease in viscosity as in random coil polymer or to the

fact that the molecular weight is systematically larger for helix conformation 6]. Due to this

conformational structure of K-carrageenan at low temperature, K-carrageenan was irradiated at

elevated temperature and a maximum concentration of 5% was prepared from HMW. It will be

shown in later discussion that irradiation at elevated temperature may be favorable for

degradation. T he n umber- a nd w eight- a verage molecular weight 0 f K -carrageenan obtained

from LEEB irradiation of LMW and HMW is given in Table 1. As shown in Table 1, K-

carrageenan h as weight-average molecular weight (Mw) o f 14,097 after 9 in ins by t wo-step

degradation while 6688 was obtained in the irradiation by one-step. This clearly shows that

even with limited penetration, LEEB irradiation can reduce the molecular weight of

polysaccharides to oligomeric size. However a broad molecular weight distribution (MWD) was

obtained after 10 min for HMW. Thus, irradiation by LEEB is heteregenous in the initial stage.

Since LMW was prepared by gamma-irradiation in solid state prior to LEEB a narrower MWD

was obtained.

Table 1. Molecular weight Of K-carrageenan at different irradiation time by low energy electron
beam 250 kV, mA)

Irradiation time LMW (two-step) HMW (one-step)

(min) Mw Mn Mw/Mn Mw Mn Mw/Mn

0 104813 42295 2.43 986917 221680 4.45
5 92553 36055 2.57 290819 42553 6.83
10 68028 27935 2.43 170056 20991 8.10
20 49113 20232 2.42 50888 11476 4.43
30 39126 16623 236 25552 6985 3.65
60 19147 10091 1.90 9177 3358 2.73
90 14097 8351 1.69 6668 2821 2.36
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Susceptibility of the three types of carrageenan

K- and t-carrageenan were irradiated in their gel states while X-carrageenan in solution. It

is well known that gelation of carrageenan is based on the formation of double helix. Small

angle X-ray scattering showed that gelation of -carrageenan involved the association of two or

three double helices and i-carrageenan gelation involved the transition f rom single to double

helix without or less association 7]. The absence of the anhydrogalactose inhibits double helix

formation thus )-carrageenan does not undergo conformational ordering [�]. Therefore, -

carrageenan adopts a random coil conformation in solution while and i.- carrageenan gels are

stable as helices. The degradation of the three types of carrageenan under gamma ray irradiation

in terms of change in viscosity and molecular weight is shown in Figs. 3a and 3b. Fig. 3a may

indicate macroscopically the strong association of helices in the -carrageenan system. The gel

structure Of K-carrageenan was not broken until 30 kGy. As a result, viscosity at 250C below 0

kGy could not be measured whereas get of t-carrageenan was broken down easily at kGy As

seen in Fig 3b a higher dose is needed to degrade r,-carrageenan. The radiation yields of

degradation of carrageenans, Gd were calculated using the Charlesby-Pirmer equation 9]. The

results obtained were summarized in Table 2.

Table 2 Radiation yield of degradation of carrageenan irradiated in 4 aqueous gel and solution

K -carrageenan t -carrageenan X -carrageenan

Gd 8 12 13

These differences in response to radiation can be explained by the influence of their

conformational properties. The helix structure of i-carrageenan may have dissociated to single

strand with chain scission. On the other hand, K-carrageenan retained the association of helices

and the presence of stronger intermolecular association of helices in K-carrageenan make it less

susceptible towards degradation compared to the other two types. Though conformational

ordering took place in -carrageenan, it was found to be as susceptible as X-carrageenan to

radiation. Comparing these data to the results obtained with the acid hydrolysis of carrageenans,

it was found that activation energy for r,-carrageenan increased from 120 to 190 U/mol upon

conformational ordering whereas for t-carrageenan the activation energy is 135 U/mol in both

conformational. states 101. These findings suggest that irradiation of carrageenan in the random

coil state or in gel with less association of helices is favorable to degradation. K-carrageenan can

only assume a random coil state at higher temperature, thus irradiation at elevated temperature

may lower the dose required to degrade K-carrageenan compared in the gel state.
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Fig 2. Molecular weight Of K-carrageenan irradiated in solid and aqueous
forms at various iradiation doses
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Fig 3. Changes in a) viscosity and b) molecular weight of carrageenans
with gamma-irradiation dose in 4 aqueous gel
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Radiation-induced desu�ration

The degradation of polysaccharides like alginate, pectin and chitosan by radiation is

accompanied by some chemical changes. These changes arise from the rearrangement of radical

to form a stable product after chain scission as proposed in the degradation of alginate and pectin

[I 112]. A number of studies have established that biological activities of carragee .nan oligomer

depends significantly on the presence of sulfate group. Thus, it is important to determine if

sulfate groups are removed by radiation and how much sulfate was removed. Fig. 4 presents the

decrease in degree of sulfation of carrageenan with various irradiation doses. Desulfation (loss

of sulfate) ceased after 10 kGy as the sulfate content remained constarit throughout the

degradation. About 90%, 83% and 71% of the sulfate remained in the irradiated K-, t- and

carrageenan, respectively. This finding suggests that the SLIffate groups are not preferentially or

selectively removed i.e. the 4-0-sulfate, 2-0-sulfate and 6-0-sulfate groups are equally
ible to radiol ic cleavage. Acid hydrolysis of i.- and K-carrageenan and chondroitin

suscepti Yt

sulfate were also observed to undergo significant desulfation 3 14].
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Fig. 4 Effect of gamma irradiation on the sulfate content of carrageenan
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Plant growth promotion effect on potato in tissue culture

The plant growth promotion effect of the obtained oligomer from K-carrageenan was

investigated on potato using tissue cultural technique wherein carrageenan was supplemented in

the cultural medium. It is shown in Fig that carrageenan prepared by irradiation at %

concentration with a dose of 30 kGy gave the highest effect on the growth of potato in tissue

culture. The biomass and shoot height increased significantly compared to the control while no

significant effect on the root length. Unirradiated arrageenan evidently inhibited the growth of

potato. The weight-average molecular weight of carrageenan determined by gel penneation

chromatography at 30 kGy was ca. 10,000 and with a Mw/Mn of 14.
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Fig 5. Growth promotion of potato in tissue culture.

Conclusion

Carrageenan with different molecular weights were obtained by low energy electron

beam degradation. Initial stage of irradiation by LEEB gave a broad molecular weight

distribution. The decrease in molecular weight was accompanied by loss of sulfates in gamma-

irradiation. The conformational state of carrageenan may have a strong influence on their

susceptibility towards radiation degradation. The obtained oligomer from K-carrageenan with

Mw of ca. 10,000 showed strong growth promotion effect for potato in tissue culture.
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