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Abstract

Exo-polygalacturonase (EPG) from Rhizopus sp. was applied to the extraction of alginic acid from sea mustard
to increase extraction yield. EPG digestion was examined under distinct conditions within temperatures from
25°C to 50°C, pH 5 to 9, and treatment times from 0 to 36 hr. The optimal conditions for alginic acid extraction
with EPG were: pH 7.0 at 30°C for 24 hrs. The EPG hot water extraction yield was 3.4 times higher yield than
hot water extraction alone. Using EPG to extract alginic acid from sea mustard should be considered a viable
alternative to conventional extraction, with the advantage of reducing hazardous wastes such as strong acid

and alkali solutions.
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INTRODUCTION

Alginic acid is a linear polysaccharide that is commer-
cially extracted from many strains of marine brown sea-
weed. Alginic acid is a co-polymer of D-mannuronic acid
and L-guluronic acid, in which the uronic acids are arran-
ged in a block fashion in the polymeric chain (1). Alginates
have widespread applications in the pharmaceutical and
food industries, owing to their ability to form viscous sol-
utions at relatively low concentrations and to form gels
with Ca”". Alginic acid from sea mustard can be extracted
with hot water in a sodium carbonate solution, or by al-
ternation of acidic and alkaline treatments (2). The highest
industrial extraction yields are obtained utilizing sodium
carbonate solutions or acidic and alkaline treatments.
However, the strong caustic and acidic chemicals produce
hazardous toxic wastes that threaten the environment and
damage reactors used in the extraction process. Hot water
extraction is safer and produces no toxic chemicals, but
is inefficient because of low yields (2). In this study, we
evaluated the use of enzymatic digestion of sea mustard,
using exo-polygalacturonase (EPG), for increasing the yield
of alginic acid from hot water extraction.

EPG, a protopectinase, is normally produced by microor-
ganisms to facilitate plant degradation (3-7). EPG cleaves
side chains of neutral sugars of pectins that are linked to
cellulose or are residues of homogalacturonan. Applica-
tions using EPG include pectin production (8), isolation
of single cells from vegetable food material (7,9), and the
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isolation of protoplasts from plant cells (10). Sea mustard
alginic acid is a structural component of the cell wall that
is esterified to cellulose or hemicellulose. EPG randomly
hydrolyses terminal « -1,4-glucoside bonds of D-guluronic
acid, thereby isolating D-guluronic acid: Therefore, the use
of EPG may be expected to increase the yields from hot
water extraction of alginic acid from sea mustard.

MATERIALS AND METHODS

Materials

Dried sea mustard (Undaria pinnatifida) was purchased
from a local food market in Seoul, Korea; ground with a
hammer mill, and screened through an 80-mesh sieve. EPG
(Macerozyme R-10) from Rhizopus sp. was obtained from
Yakult Co. (Tokyo, Japan). All other chemicals were an-
alytical grade.

Extraction of alginic acid by hot-water solubilization
method

The extraction of alginic acid from sea mustard was
performed as described by Nishide et al. (2), except that
the formaldehyde treatment was replaced by EPG diges-
tion for the enzymatic extraction. For non-enzymatic ex-
traction, 5 g of the ground sea mustard was placed in a
stoppered flask containing 50 mL of a 3.7% formaldehyde
solution and maintained at 30°C overnight.

For the EPG treatment, 5 g of sea mustard was incubated
in 50 mL of various pH buffer solutions containing 50 mg
of EPG (3 U/mg of protein). To determine the pH effect
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on the EPG alginic acid extraction, the following buffers
were used: 20 mM acetate buffer (pH 5.0), 20 mM sodium
phosphate buffer (pH 6.0), 20 mM potassium phosphate
buffer (pH 7.0), 20 mM Tris-HCl buffer (pH 8.0), and 20
mM glycine buffer (pH 9.0). The effect of alginic acid ex-
traction with EPG was determined at different temperatures
(25, 30, 35, 40, 45 and 50°C) and at different durations of
time (0, 4, 8, 12, 16, 20, 24, 28, 32 and 36 hr).

Following each enzymatic or non-enzymatic extraction
under a given condition, each reaction mixture was diluted
with 100 mL of distilled water and hot water extracted by
stirring at 100°C for 4 hrs. After filtering through a hemp
cloth, the filtrates were dialyzed by cellulose membrane
(Avg. flat width 43 mm; Avg. diameter 27 mm; Capacity
approx. 175 mL/ft; cutoff size >M.W. 12,000: Sigma Chem-
ical Co.) in distilled water, and filtered through a filter pa-

per (Toyo No.2). The dialyzed inner fluid was concentrated

to one-forth of the initial volume using a rotary evaporator
(NE-18S, Tokyo Rikakikai Co., Ltd.). Ethanol was then ad-
ded to make an 80% final concentration. The precipitated
alginate gel was obtained by centrifugation at 3,000 X g
for 10 min. The pellet was rinsed with ethanol and then
with acetone, and centrifuged at 3,000 X g for 5 min. The
alginate pellet was dried to powder at 50°C for 12 hrs
and weighed. The yield was calculated as the percentage
of alginic acid extracted from each 5 g sample. Recovery
rate was calculated as the weight ratio of pure alginate
extracted to that of the peliet weight. Each experiment was
performed in duplicate and the value reported was an
average of the two data.

Determination of purity of alginic acid

- Purity of extracted alginic acid-was determined by the
m-hydroxydiphenyl method (11), and expressed as % of
uronic acid in the total sample.

RESULTS AND DISCUSSION

The effect of temperature on EPG activity was deter-
mined from 24 h alginic acid extraction yields at 25, 30,
35, 40, 45 or 50°C at pH 7 (Fig. 1). The highest yield of
alginic acid by EPG treatment was obtained at 30°C, which
is presumed to the optimal temperature for EPG extraction.

The greatest alginic acid yield from sea mustard was
achieved at pH 7.0 after 24 h incubation with EPG (Fig.
2). EPG is stable at pH 5 and 6 (12), but the optimal pHs
for pectin extraction with EPG from apple and pear pomace
are 7.0 and 7.8, respectively (13,14). The pH of incubation
solutions alters the electrical charges of both enzyme and
substrate, and profoundly affects the recognition of the
active site of enzymes and the separation of products after
the reaction. Although we determined that pH 7.0 was
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Fig. 1. Temperature-related changes of alginic acid extraction
yield with EPG treatment at pH 7.0 for 24 hours.

optimal under the conditions we used, we can not exclude
the possibility that different buffers would behave dif-
ferently and that a different pH would produce maximum
yields if a different buffer was used. Therefore, further ex-
periments using a variety of buffers over a broad pH range
is needed to determine the optimal pH for EPG extraction.

The maximum yield of alginic acid was obtained after
24 h incubation with EPG (Fig. 3). EPG is a macerating
enzyme due to its hydrolytic activity on protopectin in plant
cell walls. Pectin extraction from apple and pear pomace
by EPG was maximized with incubation times of 60 and
36 hours, respectively (13,14). Although the mechanism
is unknown, the hydrolytic activity of EPG on glucoside
bonds in sea mustard can be inferred from its effectiveness
in alginic acid extraction.

As shown above, the highest extraction yield (8.1% of
alginic acid from sea mustard) was obtained with EPG
treatment for 24 hrs at pH 7 and 30°C. In contrast, there
was only a 2.4% yield from the non-enzymatic hot water
extraction (Table 1). The increased yield with the EPG treat-
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Fig. 2. The pH-related changes of alginic acid extraction yield

with EPG treatment at 30°C for 24 hours.
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Fig. 3. Time-related changes of alginic acid extraction yield with
EPG treatment at 30°C at pH 7.0.

Table 1. Effect of EPG treatment on alginic acid extraction in
sea mustard

Yield Purity Pure yield Recovery

Treatment (%)1) (%) (%)2) (%)3)
Hot water without EPG? 2.4 155 0.37 1.68
Hot water with EPG 8.1 20.9 1.70 7.73

DThe yield was calculated as a percentage of extracted alginic
acid amount from sample weight.

“Pure yield = Yield X Purity.

“Recovery means the ratio of the pure alginic acid to the ex-

4tracted amount from sample weight.

'The hot water extraction method for alginic acid of sea mustard
was at pH 7.0, 30°C for 24 hrs.

ment implies that alginic acid, an ester-bound form of cel-
lulose or hemicellulose in the cell wall of sea mustard, is
easily released by the enzymatic reaction. This explanation
is supported by previous results in which EPG acted as
a protopectinase, degrading protopectin to pectin (13); al-
though the optimal conditions were different.

Purity of alginic acid extracts are shown in Table 1. The
pellet from the EPG treatment contained 5% more alginic
acid than the pellet without enzymatic treatment (Table 1).
Recovery rate increased from 1.68 to 7.73% (4.6 times) with
EPG treatment. These results suggest that enzymatic hy-
drolysis may be an effective tool for the extraction of al-
ginate from sea mustard.

In conclusion, we obtained more alginic acid from sea
mustard by using EPG in a hot water extraction. Although
EPG has been used to extract pectin from apple pomace
(13), EPG has not been previously used for the extraction
of alginic acid from sea mustard. EPG hot water extraction
has the potential to reduce environmentally hazardous wastes
produced by conventional extraction methods. Therefore,

application of EPG in a hot water extraction system should
be considered to be an appropriate alternative method for
the extraction of alginic acid from sea mustard.

ACKNOWLEDGEMENTS

This study was financially supported by the Ministry of
Science and Technology as a Program of Regional Tech-
nology Development.

REFERENCES

1. Haug A, Larsen B. 1965. A study of the constitution of al-
ginic acid by partial acid hydrolysis. Paper presented at the
5" Proc. Int. Seaweed Sym. Pergamon Press, Oxford. p 271-
277.

2. Nishide E, Kinoshita Y, Anzai H, Uchida N. 1988. Distri-
bution of hot-water extractable material, water-soluble al-
ginate and alkali-soluble alginate in different parts of Undaria
pinnatifida. Nippon Suisan Gakkaishi 54: 1619-1622.

3. Sakai T, Okushima M. 1982. Purification and crystallization
of a protopectin solubilizing enzyme from Trichosporon pen-
icillatum. Agric Biol Chem 46: 667-676.

4. Sakai T, Yoshitaka S. 1984. Purification and some properties
of a protopectin solubilizing enzyme from Galactomyces
reessii strain L. Agric Biol Chem 48: 1941-1950.

5. Sakai T, Okushima M, Yoshitaka S. 1984. Purification, crys-
tallization and some properties of endopolygalacturonase from
Kluyveromyces fragilis. Agric Biol Chem 48: 1951-1961.

6. Lee SC, Ko BS, Lee DH, Hwang YI. 1997. Cell separation
of vegetable tissues by protopectinase. J Korean Soc Food
Sci Nutr 26: 430-435.

7. Lee SC, Ko BS, Kim HM, Kim KW, Hwang YI. 1997.
Isolation of Rhizopus sp. R2 producing protopectinase and
optimum condition for preparing single cells from potato
tissues. Korean J Microbiol 33: 131-135.

8. Sakai T, Sakamoto T, Hallaert J, Vandamme EJ. 1993. Pec-
tin, pectinase and protopectinase: production, properties, and
applications. Adv Appl Microbiol 39: 213-294.

9. Sakai T, Hours R, Nakamura T. 1995. Enzymatic maceration
of vegetables with protopectinases. J Food Sci 60: 468-472.

10. Mitsui T, Hashimoto N, Deguchi K, Hirano M, Igaue L.
1990. Isolation of plant mesophyll protoplasts with and endo-
polygalacturonase from Trichosporon penicillatum. Plant Tis-
sue Cult Lert 7: 14-18.

11. Blumenkrantz N, Asboe-Hansen G. 1973. New method for
quantitative determination of uronic acids. Anal Biochem 54:
484-489.

12. Suzuki H, Abe T, Urade M, Nishizawa K, Kuroda A. 1967.
Nature of the macerating enzymes from Rhizopus sp. J
Ferment Technol 45: 73-85.

13. Lee SC, Yuk HG, Bae SM, Hwang YT, Choi JS, Cho YI.
1999. Extraction of pectin with exo-polygalacturonase from
apple pomace. Korean J Food Sci Technol 31: 68-73.

14. Yuk HG, Choi JH, Cho YJ, Ha JU, Hwang YI, Lee SC.
1999. Investigation of reactive conditions to extract pectin
with exo-polygalacturonase from pear pomace. Korean J
Food Sci Technol 31: 971-976.

(Received April 17, 2002; Accepted June 11, 2002)



