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Abstract

Carrageenans were irradiated in solid state to doses 50-1000 kGy in air at ambient

temperature. Changes in their molecular weight and functional properties with respect

to their FT-IR and UV spectra were evaluated. Irradiation of carrageenans resulted in a

rapid decrease of molecular weight indicating main chain scission in their polymeric

structures. Formations of some compounds were evident by new absorption peaks in

their UV and FT-IR spectra and quantitative analyses of the FT-IR spectra which, in

addition, support that there is a breakdown in the carrageenan structure.

Irradiated carrageenans were investigated for their plant growth-promoting activity.

Carrageenans were added to the nutrient solutions for rice seedlings under non-

circulating hydroponics cultivation. Irradiated carrageenan induced weight gain in

treated rice seedlings. Maximum weight gain was obtained with KC irradiated at 100

kGy while treatment with IC at 500 kGy. IC exhibited less growth promoting properties

than KC. The growth of fungi on the roots disappeared with treatment of IC and KC

irradiated at 500 kGy. Growth promotion of some leafy vegetables was also observed

with application of degraded KC.

The carrageenan molecule has been broken down to smaller molecule(s) or

compound(s) that can be absorbed effectively as nourishment factors and anti-microbial

agents by plants.
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1. 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 1,3 and (3 1,4 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 [2]. The repeating units of the principal

gel formers, kappa-, iota- and lambda carrageenans are shown in Fig. 1. The Philippines

is one of the major producers of carrageenan , primarily of the kappa- and iota types.

Carrageenans are used commercially as thickeners and gelling agents in the food

industry and binders in some consumer products.

Natural polymers like polysaccharides have been receiving a great deal of attention by

many researchers because of their biodegradability and availability at low cost. The

native structures and properties of the carrageenans may be exploited for non-food

applications, i. e., hydrogel for microencapsulation, controlled-released of chemicals

and biological products, and wound dressings. It has been known that gamma irradiation

can modify the structures and chemical and biological properties of materials via either

degradation, crosslinking or grafting. Enzyme- or radiation-degraded polysaccharides

has been found to induce various kinds of biological activities such as anti-microbial,

promotion of plant growth, suppression of heavy metal stress etc [3]. This study aims to

modify carrageenan by radiation degradation and to investigate their biological

activities.

This paper presents the results of the various studies undertaken to investigate the effect

of gamma radiation on the molecular weights and structures of kappa-, iota and lambda-

carrageenan and the effect of radiation-degraded carrageenan on the growth of plants.

The relationship of the growth-promotion activity and molecular weight of irradiated

carrageenans and the influence of the sulfate group in the radiolysis of the three types of

carrageenan are discussed.
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2. Materials and Methods

Materials/Irradiation

Refined kappa-carrageenan (KC) and iota-carrageenan (IC) were obtained from

Copenhagen Pectin A/S, Denmark and Shemberg Corporation, Philippines. The samples

were used without further purification and gamma irradiated to doses 50-1000 kGy in

air at ambient temperature. Carrageenans used for GPC and UV experiments were

purchased from Marine Resources and Development Corporation, Philippines.

Methods

Analytical Measurements

Molecular weights of irradiated carrageenan were determined by gel permeation

chromatography using Waters HPLC instrument equipped with Waters Ultrahydrogel

column and elution was monitored by an RI detector using 0.1 M NaNC«3 as the mobile

phase at a flow rate of 1 ml/min. The carrageenan concentration used was 0.1%. A

calibration curve was constructed using PEO/PEG standards. FT-IR spectra were

recorded using diffuse reflectance spectroscopy (DRS) with a Shimadzu FT-IR

spectrometer. Samples for FT-IR were prepared by pipetting 20 ul of 1% carrageenan

solution on an aluminum pan and dried in a vacuum oven at 40°C. UV spectra were

measured in water with a Perkin Elmer Lambda 20 UV-Vis spectrometer in the range

200-400 nm at 0.25% carrageenan concentration.

Plant Growth Studies

Cultivation of rice and vegetable

Rice seeds (Japonica) were washed in running water for 24 hrs and germinated by

immersion in water at 70°C in the darkroom. Twenty-five germinated seeds were then

sowed onto plastic net floating in plastic pots containing 80 ppm of carrageenan in

diluted hyponex solution (1/2000).

Bok choi seeds were sowed directly in cup containing perlite. The cup was then

immersed in nutrient solutions contained in polystyrene box with holes (see diagram

below). This set-up was adapted from Asian Vegetable Research and Development

Center, Taiwan. Nutrient solutions for this experiment were prepared as follows:
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CaNO3

NH4H2PO4

K2HPO4

KH2PO4

KNO3

MgSO4

635

53

16

28

217

504

Fe-EDTA

MnSO4

CuSO4

ZnSO4

H3BO3

NaMoO4

22.6

1.54

0.08

0.22

2.86

0.03

•concentration in ppm

Seedling pot
(Polyethylene)

Growth Medium
(smoked rice husk

or gravel)

.Leafy vegetables (15 hills)

isilid/thicki.Scm
(polystyrene)

Sponge

Net (24 mesh)

2nd lid/thick 0.4 an
(polyethylene)

Polystyrene container

25 on

After 1 month of growth in a greenhouse, rice seedlings and Bok choi were collected,

gently washed and dried at 105°C for 12 hours. % weight gain of dried rice seedling

and Bok choi were determined for evaluation of growth promotion activity of

carrageenan and calculated as:

dry Wt. Of plant treatedwithcanageenan ~ dry Wt. of plant untreated

drywt.ofplantuntreated
% Weight gain = •

Artemia salina L. Lethality Test

The assay was performed as described by Solis et al [4] with minor modifications.

Brine shrimp {Artemia salina Leach) cysts were hatched in artificial seawater

supplemented with 6 mg/1 dried yeast and oxygenated with an aquarium pump in an

improvised double-chamber brine tank. After 48 hours, nauplii (baby shrimp or larvae)

were gathered and placed in a multichannel micropipette reservoir. Approximately 15-
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20 larvae (in a total volume of 100 uJ) were pipetted in 96-well microtiter plates

(Nunc). 100 ul of irradiated iota, kappa, and lambda carrageenan (0, 50, 100, 500 and

1000 kGy) diluted in salt water (with phosphate buffer, pH 7.0) at concentrations of 25,

250, 1000 and 5000 |J.g/ml were added. After 24 hours, non-viable shrimps were

counted with the aid of a binocular microscope (Nikon). The plates were then incubated

to 50 °C for 10 minutes to kill the remaining live shrimps and their total number was

recorded. Percent survival was plotted against concentration of the test substance to

obtain a survival curve

3. Results and discussion

Effect of radiation on the molecular weight and structure of carrageenan

The properties of polymeric materials are affected upon irradiation as a result of

chemical changes in the polymer moiecules[5]. These changes include molecular weight

and structure. GPC elution profiles or kappa-carrageenan at different irradiation doses is

shown in Fig. 2. As expected, peak shifts to longer retention as the dose is increased.

Irradiation of carrageenan led to the reduction in molecular weight. Carrageenan

degraded at higher doses showed bimodal molecular weight distribution. Molecular

weight of carrageenan decreases remarkably with dose as demonstrated in Fig. 3. KC

and IC exhibited different degradation behavior. Degradation of KC at 100 kGy

corresponds to dose of about 200 kGy for IC. The susceptibility of the compound to

degradation can be compared by calculating their G-values. Radiation-chemical yields

of degradation, Gd were determined from the Charlesby-Pinner equation:

( I
Mn Mn0

= G,xl .04xl0" 7 xD

where Mn; number-average molecular weight of carrageenan at absorption dose, Mno\

initial number-average molecular weight, D absorbed dose (kGy) [6]. From Fig. 4., the

yields of degradation (Gd) of carrageenans are calculated as follows: kappa; 2.13 and

iota: 1.51. Comparing the Gd values, kappa was found to be more susceptible to

radiolysis than iota. This observation has also been reported in the literature [7]. Thus,

the sulfate groups may have played a role in the radiolysis of the carrageenans.

Analysis of lambda carrageenan will verify the hypothesis.
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The UV spectra (Fig. 5) of irradiated carrageenans show an absorbance peak at around

265 nm and the intensity of which increases with increasing dose. This peak is probably

due to the formation of double bond. Double bond formation has been proven by

bubbling solution of irradiated alginate with ozone [8]. Fig. 6 shows the plot of ratio of

the absorbance at 265 nm of irradiated and unirradiated carrageenan with dose. This plot

gives the rate of formation of the double bond. It can be seen that greater formation of

double bond was obtained with KC. These results were in good agreement with the

MW measurement and support the assumption that sulfate groups influence the

radiolysis of carrageenans. In Fig. 7, the relationship of MW and the absorbance at 265

nm is presented. Reduction of MW resulted in a rapid increase of absorbance up to 100

kGy and increases gradually on continued exposure to radiation. Thus, measurement of

UV absorbance at 265 at a given concentration can give a good estimate of the

molecular weight.

Infrared spectral absorption of carrageenans, notably the glycosidic, 3,6

anhydrogalactose and the covalent sulfate, are listed in Table 1 and sample spectra of

iota-carrageenan are shown in Fig 7. IC and KC differ chemically in the presence of

another 2-sulfate in the disaccharide unit of iota and this is shown in their FT-IR

spectra. KC does not have an absorption peak at 805 cm"1 (Table I). As illustrated in

Fig. 8, important functional groups are retained even after irradiation at 500 kGy while

there is the appearance of a new peak at 1728 cm"1. This peak could be attributed to the

formation of a carbonyl group in the structure. The same is observed for kappa

carrageenan. Quantitative FT-IR analysis was undertaken. Table II shows that for both

IC and KC, there is a considerable decrease in the peak heights corresponding to the

glycosidic, 3,6 anhydrogalactose and methylene groups with increase in radiation dose.

Peaks due to covalent sulfates and sulfates of 3,6 anhydrogalactose were likewise

decreased with radiation.

Growth-promotion effect of Irradiated carrageenan

Upon irradiation, carrageenan is depolymerized with the formation of shorter fragments

the molecular size of which depends on the radiation dose used. When solutions of the

irradiated KC and IC were mixed with the growth medium for rice seedlings under

hydroponic conditions, stimulation of growth was observed. As shown in Fig. 9a, the

maximum % weight gain of rice seedlings was obtained with KC irradiated at 100 kGy.
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It decreased to the level of the control at doses of 500 and 1000 kGy, indicating that no

toxic compovmds are formed at high radiation dose. This observation is supported by the

brine shrimp toxicity assay. Unirradiated IC and KC has also stimulated growth of rice

to some extent. This strongly suggests that a certain range of molecular weight is

suitable for growth-promotion of plants. Depending on the molecular weight,

carrageenans exhibited various level of growth-promotion effect on rice. Table III

summarized the results of MW by GPC experiment. In this study, KC at 100 kGy

showed the highest effect of growth promotion, thus MW of about 24,000 is suitable for

growth promoters of plants. IC exhibited less growth promoting properties than KC.

Maximum weight gain was attained with the application of IC irradiated at 500 kGy.

Like KC no toxic compounds are formed at higher radiation doses. Optimum growth-

promotion of IC was not achieved since to get MW of 24,000, IC has to be degraded at

about 255 kGy. This value was calculated from the Charlesby-Pinner equation using the

calculated Gd- From these results, it is clearly suggested that growth-promotion effect

of radiation-degraded carrageenan depends mainly on its molecular weight. Fig. 9b

shows the photograph of rice seedling treated with irradiated carrageenan. It is evident

that chlorosis or yellowing of leaves was inhibited with the application of both KC and

IC as compared to the control. Furthermore, growth of fungi was inhibited with

treament of KC at 500 kGy (Fig 10). It can be noticed from the photograph that IC can

also inhibit growth of fungi on roots even at 0 kGy and inhibition increases with

increasing dose. This noticeable anti-microbial activity will be further studied against E.

choli and other microorganisms. Several studies have been reported on the anti-

microbial activities of ethanolic extract of species of red algae against Escherechia

choli, Staphylococus areus, Candida albicans etc [9,10].

Fig. 11 illustrates the growth-promotion activity of carrageenan on vegetables like

mustard and bok-choi.

Toxicity of Irradiated Carrageenan

The irradiated carrageenans were subjected to a micro well cytotoxicity assay based on a

24-hour lethality of Artemia salina larvae. Brine shrimp larvae have been used as a

convenient and reliable bioassay system to screen for a wide spectrum of potentially

toxic substances such as mycotoxins, co-carcinogens, anti-tumor compounds,

dinoflagellate toxins, pesticide residues and other pollutants [11,12]. LC50 values of
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less than 200 ug/ml are considered cytotoxic. At physiologically neutral pH, irradiated

carrageenan is unlikely to exhibit cytotoxicity. LC50 values of irradiated carrageenan

are summarized in Table IV. We predict two possible bioactive compounds of potential

pharmacologic value: one has an LC50 of around 1300 ug/ml and another at 400 ug/ml.

Future work will need a preparative HPLC coupled to a bioassay-driven purification

scheme.

4. Conclusion

Carrageenans were highly sensitive to gamma radiation with significant changes in their

molecular weight and structure. Kappa-carrageenan was found to be more susceptible

to radiolytic breakdown. Carrageenan with specific molecular weight range can be

readily produced by radiation degradation. Radiation degraded carrageenans promoted

growth of rice and leafy vegetables. Carrageenan with molecular weight of about

24,000 can be used as growth-promoter of plants.
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Table I. Major peaks from the FTIR spectra of carrageenan

Absorption
cm"1

1640-1645

1370-1375

1210-1260

1010-1080

928-933

840-850

800-806

Functional groups

polymer bound water

methylene group

covalent sulfate

glycosidic linkage

3,6 anhydro-D-galactose

D-galactose-4-sulfate

3,6 anhydro-D-galactose-2 sulfate

Peak

kappa

s
m
vs

vs

s
m

a

intensity

iota

s
m
vs

vs
s

m
m

vs-very strong, s-sirong, m-medium, a-absent

Table II. Effect of radiation dose on the major functional groups in carrageenan

(A) iota-carrageenan

Absorption
(cm"1)

1640-1641

1371-1375

1230-1250

1068-1072

929-931

846-847

804-806

(B) kappa-carrageenan

Absorption
(cm"1)

1640-1641

1371-1375

1230-1250

1068-1072

929-931

846-847

IC-0

13.16

5.29

7.59

37.89

26.16

18.17

12.80

IC-0

1.4185

0.8425

6.2183

1.0690

5.2440

2.2053

Peak Height

IC-100

1.01

5.62

40.30

12.52

15.63

8.79

5.79

Peak]

IC-100

0.2477

0.1325

3.5427

6.3040

2.0705

1.2121

IC-500

21.16

6.14

33.16

10.38

14.39

9.65

7.61

Seigfat

IC-500

0.1160

0.0672

0.9331

1.1402

0.4280

0.2589

IC-1000

9.43

3.43

2.32

5.06

1.85

8.10

—

IC-1000

0.0906

—

0.7107

0.8832

0.3412

0.2059
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Table III. Effect of radiation on the molecular weight of carrageenan

Dose (kGy)

0

50

100

500

1000

Molecular Weight (Da)

kappa

1,032,905

65,550

26,625

5,457

4,738

iota

3,545,093

209,425

114,029

13,005

7,200

Table IV. LC50 values of irradiated carrageenan

Dose
(kGy)

0

50

100

500

1000

lambda

>2500

1350

1350

400

400

LCS0 (n/ml)
iota

>2500

1500

1500

1500

1500

kappa

>2500

>2500

>2500

1250

1250
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"O3SO H2Cv
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kappa-carrageenan OH

H2Cv

OH

OSO3
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"O3SO
lambda-eairageenan

Fig. 1. Idealized structures of different types of carrageenan
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4 6 8 10
Retention time (mins)

Fig. 2. GPC elution profile of kappa-carrageenan irradiated in solid state

0 200 400 600 800 1000
Dose

Fig. 3. Effect of radiation on the molecular weight of carrageenan
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Fig. 4. Degradation yields of carrageenans
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Fig. 5. UV spectra of kappa-carrageenan at different doses

5 7 -



JAEEI-Conf 2001-005

5>

1
0

©

0 200 400 600 800 1000 1200
Dose

Fig. 6. Absorbance at 265 nm as a function of dose

106

3

a 10s .

IAVokGy
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— a l l

• iota

O kappa

1000 kGy
104

0.0 0.4 0.8 1.2 1.6 2.0

Absorbance at 265

Fig. 7. Relationship of molecular weight and absorbance
at 265 nm of carrageeenan at differnet doses
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2000 1500 1000

Wavrarandtor
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Fig. 8. FT-IR spectra of iota carrageenan at 0 kGy and 500 kGy
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Fig. 9. Growth promotion of rice by irradiated carrageenan
(a) as a function of dose(b) at 100 kGy
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Fig. 10. Growth of fungi on roots in hydroponics solution Math carrageenan
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W,v , unin:.

Fig. 11. Growth-promotion effect of carrageenan on bok-choi and mustard
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