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Abstract

Alkali-treated red algae, Gracilaria sp. was irradiated with various doses
of cobalt-60 gamma-rays and the yeild and properties of agar extracted from
the seaweed were examined and compared with the quality of commercial
agar powder after irradiation.

Extraction yield of agar from irradiated seaweed was proportionally increased
as the radiation dose was raised up to 2 Mrad whereas it tended to decrease
slightly thereafter. Gelation ability, gelation point, gel hardness and specific
viscosity of the agar were increased up to 1 Mrad and decreased at higher
dose levels while its melting point, total nitrogen, crude ash and total sulfur
decreased up to ] Mrad level and remained unchanged thereafter.

Irradiation of commercial agar powder caused remarkable decreases in the
gelation ability, specific viscosity and gel hardness and'slight decreases in the
gelation point and melting point. The pattern of alterations in the properties
of agar samples differed whether the polysaccharide was irradiated in free

state or bound state in seaweed.

2 oF

T FEd AN E QA Ao e 60 FArtd oz Mt o]l A
20 A9 +% H S48 2A4sgeH P2 AL 4 vz
sl et

A AL R A e] S &2 ARl 2 Mrad 74x] A4dd we)
Ao E 2 ol el A e 2t adte Agoldch A Asey, Ashg, A
Ax4d 2 ¥MAEL 1 Mrad 744 $7519 2 2ol Al A Rasigosd 4, B
A&, 23F, AFE TFE 1 Mard 747 Fa3gla 2 oA szt 9
s eh

A-g TAEES] Wl zdE Assd, WA=, AA349) FAL Fas 4
g, $49 4T FAE AR YAAES 49 Wddde AL {4
o me AFAE (BET TALH) A BHEot wel 28 b

* Present Address: Department of Food and Nutrition, Soodo Women’s University, Seoul

— 145 —



146 J. Korean Nuclear Society, Vol. 8, No. 3, September, 1976

1. Introduction

Early studies on the treatment of food
materials with ionizing radiation have mainly
concerned with the aspects of their preser-
vation. During the course of these studies,
it became, however, apparent that signific-
ant improvements in technological quality
may occur from the application of radiation
to food materials?. For instance, irradiation
of high molecular carbohydrates like starch,
cellulose and pectins causes alterations of
some of their physical properties which are
connected with the radiation-induced depol-
ymerization of the chain molecules and can
help to improve their technological processing.

Algal polysaccharides like agar and algin
ate are seaweed products of significant
economic importance in Korea because of the
abundant supply of raw seaweeds and of
their increasing demands in industrial fields
such as food, fiber, paper, drug,
and waste treatment. Studies on the effects
of radiation on algal polysaccharides and

cosmetics

seaweeds were reported by a few workers?*#
and it was suggested that the extraction
yield of agar from raw seaweeds could be
raised by gamma-irradiation.

This study was, therefore, undertaken to
investigate the effects of gamma-rays on the
extraction yield and quality attributes of
agar from irradiated seaweed in comparison
with the alterations of physical properties of
commercial agar powder by the radiation.

2. Experiments

1) Seaweeds and commercial agar powder

Alkali-treated red algae, Gracilaria species
imported from Manila was thoroughly washed
with tap water to remove impurities, dried

and cut into 2-3 cm dimension for agar ext-

raction (moisture content: 17%). Commericial

agar powder was a reagent grade product
from GBI Co., USA,Lot No. 83279(moisture
content: 11%).

2) Irradiation

Dried seaweed and commercial agar powder
packed in polyethylene bag were irradiated
at room temperature with different doses of
gamma-rays at average dose rate of 1 Mrad/
hr by means of BNL’s shipboard irradiator
(20,000Ci ¢°CO) installed at this Institute.

3) Extraction of agar

Twenty grams of seaweed were heated
with 1 liter of tap water in an autoclave at
15 lbs pressure for 45 minutes. The extracts,
while hot, were filtered through cotton cloth
by means of Carver Laboratory press(Model
C) and allowed to form gel by cooling to
room temperature. The gel was stood for 3
hours at —7°C and then frozen for 20 hours
at —15°C. The frozen gel was allowed to
thaw and the dehydrated agar regidue was
subjected to dissolution by heating, gelation,
freezing, thawing and dehydration. The
freezing-and-thawing procedure was repeated
twice more and agar powder was obtained
after drying and grinding. The percent yield
of air-dried agar was calculated on the basis
of washed,
runs. The error for tke yield test was about
+20%.

dry seaweed for five repeated

4) Chemical analyses

Total nitrogen and crude ash were analy-
zed by conventional methods® and total
sulfur, by colorimetric method after distil-
lation® .

5) Assessment of physical properties

Gelation point and gelation ability of agar
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samples were determined according to a pre-
vious paper®. Viscosity of agar solution in
water(0.3% concentration) was measured at
40°C by use of Ostwald viscometer and exp-
ressed as specific viscosity against distilled
water. Melting point of agar gel was deter-
mined according to Hayashi & Nagata®.

Texture of agar gel was recorded by General
Foods Texturometer according to a previous
report? and hardness thereof was regarded
as representing jelly strength of the agar gel.

3. Results and Discussion

1) Extraction yield of agar from 7-irradi-

ated seaweed

Agar was extracted from 7-irradiated sea-
weed and its yield was examined to obtain

the results as shown in Fig. 1. The yield
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Fig. 1. Effect of 7-irradiation on the extraction
yield of agar from Manila seaweed, Gra-
cilaria sp.

was proportionally increased as the radiation

dose was raised up to 2 Mrad whereas it

tened to decrease slightly thereafter. The
mechanism of yield increase by ionizing ra-
diation is not fully explained whether it is
due to the rupture of algal cell wall or mo-
dification of agar molecules for easy penet-
ration through the cell wall. The slightly
lowered yield at the higher radiation doses

is likely due to the decomposition of agar
molecules to bring about the loss of gelation
capacity.

2) Quality characteristics of agar from 7—
irradiated seaweed

Physical and chemical properties of agar
samples according to the dose of ionizing
radiation as applied to the raw material se~-
aweed are shown in Figs. 2, 3 and 4.
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Fig. 2. Physical properties of agar samples ext-
racted from r-irradiated seaweed.
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Fig. 3. Hardness and melting point of gels from
agar samples extracted from 7-irradiated
seaweed.
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Fig. 4. Chemical properties of agar samples ex-
tracted from 7-irradiated seaweed.

The gelation ability and specific viscosity
of agar solution were increased up to 1 Mrad
dose level and decreased at higher dose levels.
Gelation point was elevated by 1 Mrad dose
level and remained constant therafter. Spe-
cific viscosity of polymers should be related
to the degree of polymerization and this
property was well reflected in the gelation
ability. The texture of agar gel was also
affected by ionizing radiation and particu-
larly the gel hardness which is supposed to
have a high correlation with jelly strength
of gels® showed the similar behavior with
the specific viscosity of agar solution.
Melting point of the agar gel was decreased
as the radiation dose was raised, showing
a bending point at 1.5 Mrad dose level.

Chemical properties of agar samples were
also altered by irradiating the seaweed.
Thus the total nitrogen and crude ash of
agar samples were markedly decreased up
to 1 Mrad dose level and remained unchan-
ged thereafter. However, the changes in
total sulfur content showed a V-shaped pa-
ttern, the lowest being at 1.5 Mrad level.

These changes in chemical properties of
agar samples by 7-rays can not be directly
correlated with alterations of physical pro-
perties of the product, though it was kno-
wn® that the gelation ability, the most im-
portant quality attribute of algal polysacch-
arides depends on the molecular weight,
sugar composition and ionizable groups of
the molecules,

Nevertheless, it should be noted that the
radiation doses up to 1 Mrad brought about
remarkable alterations both in the physical
and chemical properties of agar samples
toward better technological quality and hig-
her doses caused the reverse or minor effects
in the properties. Therefore, the application
of ionizing radiation to seaweeds at a pro-
perly chosen dose level should be made ava-
ilable very efficiently to improve the extr-
action yield and technological quality wha-
tever the exact mechanism of alterations in
the properties may be.

3) Physical properties of commercial agar
after 7-irradiation

Changes in the physical properties of com-
mercial agar powder according to the dose
of ionizing radiation are shown in Figs. 5
and 6.

The gelation ability, specific viscosity and
gel hardness of agar solution were remark-
ébly decreased as the dose level was raised.
Since these properties are closely related to
the degree of polymerization, it is assumed
that the agar polymer should have been
degraded by the jonizing radiation.. The
gelation point of agar solution and melting
point of agar gel were also gradually decr-
eased as the dose level was raised, showing
bending points at 1 and 2 Mrad levels, res-
pectively.
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Fig. 5. Effect of r-irradiation on 'the physical
properties of commercial agar powder.
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Fig. 6. Effect of r-irradiation on the hardness
and melting point of gels from commer-
cial agar powder.

As it is known that irradiation of high
molecular carbohydrates like starch, cellulose
and pectins causes alterations of their phy-
sical properties like viscosity, mechanical
strength, swelling and solubility, due to the
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radiation-induced depolymerization of the
chain molecules!®, it is clear that agar
molecules should have urnidergone these types
of alterations by 7-irradiation. A noticeable
difference was, however, observed in the
alterations of physical properties of agar
whether it was irradiated in pure state or in
natural state of the seaweed. That is, all
tested physical properties of agar samples
extracted from irradiated seaweed showed
the reverse effect at dose levels below 1 Mrad

suggesting that agar molecules in bound state
in nature were not subjected to radiation-
induced depolymerization at such low dose
levels. Only if such low doses can bring
about minor modifications for the agar mo-
lecules themselves or for the interaction
between agar molecules and algal cell com-
ponents, causing the liberation or extraction
of agar from the seaweed very easy, the
application of irradiation in agar extraction
processes should become quite possible. The:
increase in the extraction yield of agar from
7-irradiated Manila seaweed, Gracilaria sp.
as demonstrated in this study will suffice to
support the possibility of practical applicat—-
ion of ionizing radiation in agar industry.
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