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This study was conducted to evaluate the potential of a microbial fermentation procedure to
improve the functional qualities of seaweeds. Aspergillus oryzae, which has been used in
traditional Korean fermented foods, was inoculated and cultivated in an aqueous extract of sea
tangle (Laminaria japonica). Fermentation of the sea tangle extract by A. oryzae for 4 days
resulted in a 3-fold increase in y-aminobutyric acid (GABA) content. GABA is known to be a
bioactive compound. Fungal fermentation of the extract also enhanced its antioxidant activity and
increased its total content of phenolic compounds. It was assumed that these changes stemmed
from the biodegradation of active compounds of the sea tangle packaged within its rigid
structural matrix or occurred as result of fungal fermentation. These results suggested that the
application of microbial fermentation to the processing of seaweeds will help in the development

of processed foods to meet consumer demands.
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Introduction

Human consumption of marine algae has been
documented since 600 BC. This group of organisms
has received much attention in field of marine natural
products over the last 25 years (Chapman and
Chapman, 1980). Many published reviews have
reported the importance of these organisms as
potential sources of pharmaceutical leads (Bugni and
Chris, 2004). Seaweed products are suitable as human
foods and animal feeds and may also be used as
fertilizers, fungicides, herbicides, and phycocolloids
(Chapman and Chapman, 1980). Seaweeds are
known to contain specific metabolites that have
biological activities, including antimicrobial, anti-
oxidant, anticoagulant, anti-inflammatory, and anti-
tumor activities (Usui et al., 1980; Hiroyuki et al.,
1990; Colliec et al., 1991; Park et al., 1991; Nishino
et al, 1991; Ferial et al., 2000). Production of
domestic seaweeds has increased dramatically in the
past decade: 811,000 tons were produced in 2007
(Ministry for Food, Agriculture, Forestry and
Fisheries, 2008). However, these seaweeds have been
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only simply processed, for example, for use in, raw,
frozen or salted products, and offered no advantages
over highly processed seaweeds (Heo and Jeon,
2005). Therefore, the development of various sea-
eed-based processed foods is required to increase
attractiveness to consumers and thus enhance con-
umption.

Fermentation is a biochemical reaction that me-
abolizes high-molecular weight organic compounds,
yielding relatively simple products. Fermentation
enhances the nutrient content of foods through the
biosynthesis of vitamins, essential amino acids, and
proteins, and by improving protein quality and fiber
digestibility. It also enhances micronutrient bio-
vailability and aids in degrading anti-nutritional
factors (Achinewhu et al., 1998; Adewusi et al.,
1999). The object of this study was to evaluate the
potential of a microbial fermentation procedure to
improve the nutritional and functional qualities of
seaweeds. Thus, aqueous sea tangle extract was
fermented by Aspergillus oryzae, which has been
used in traditional Korean fermented foods. The
physiochemical and nutritional properties of the
extract were evaluated before and after fermentation.
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Materials and Methods

Chemicals

2,2-diphenyl-1-picrylhydrazyl (DPPH, a free radi-
cal compound) was purchased from Sigma Chemical
Co. (St. Louis, MO, USA). Other reagents were of
analytical grade and commercially available.

Plant materials and sample preparation

Sea tangle (Laminaria japonica) was purchased at
Gi-jang market, Busan, Korea, in March 2008. The
sample was rinsed with fresh water to eliminate
foreign materials including sand and shells. It was
then desalinized through soaking in two volumes of
water for 1 h. This desalination process was repeated
2-3 times. Desalinized samples were cut to sizes
suitable for efficient extraction using a grinder mill.
To prepare an aqueous extract of the sea tangle (“sea
tangle extract”), three volumes of water were added
to the desalinized seaweed, which was then heated at
70°C for 1 hr and centrifuged to remove tissue
remnants. After cooling to room temperature, the
extract was stored at -70°C until further use.

Microorganism and fermentation

Microbial strain used in this study, Aspergillus
oryzae, was isolated from Nuruk and maintained at
the Laboratory of Food Microbiology, Pukyong
National ~ University. The strain  was grown
aerobically at 30°C in yeast and mold broth (YM,
Difco Laboratories, MI, USA). The mycelium was
harvested after incubation for 4 days.

Fermentation was performed in a flask containing
500 mL of sea tangle extract that had previously been
inoculated with 3% (v/v) 4. oryzae mycelium.
Samples were grown aerobically (with agitation at
120 rpm) at 30°C, and sampling was performed at
regular intervals. The growth of 4. oryzae in the
extract was monitored by measuring the dry weight
of the mycelium (Yamane et al., 2000).

Physiochemical analysis

During fermentation of the sea tangle extract, the
changes in salinity and pH were measured, the latter
using a pH meter (Accumet model 15 pH meter,
Fisher Sci. Co., Springfield, USA).

Analysis of sea tangle extract composition

Moisture content was measured by oven-drying at
105°C to constant weight. The contents of crude ash,
crude protein, and crude lipid in a cell-free extract,
prepared by removing the fungal mycelium through
filtration, were determined using standard methods
(AOAC, 1995). The extract’s reducing sugar content

was determined by Somogyi’s method (Somogyi,
1952). All experiments were performed in triplicate,
and mean values are presented.

Analysis of total content of phenolic compounds

Total contents of phenolic compounds (TP) were
determined by the Folin-Ciocalteu method (Slimestad
et al., 2009) using phloroglucinol (a basic structural
unit of phlorotannins) as a standard, and data are
expressed as phloroglucinol equivalents (PGE)
(Jiménez-Escrig et al., 2001). A 0.1 mL aliquot of the
diluted sample was mixed with 0.5 mL of 1 N Folin-
Ciocalteu reagent in a 1.5 mL tube. The resulting
mixture was allowed to rest for 3 min before 0.4 mL
of 20% Na,CO; was added. Samples were incubated
in the dark at room temperature for 45 min and
centrifuged at 1,600xg for 8 min. The resulting
supernatant’s optical density (OD) at 765 nm was
measured using a GENios® microplate reader (Tecan
Austria GmbH, Grodig, Austria).

DPPH radical scavenging activity

DPPH radical scavenging activity was measured
using the method described by Nanjo et al. (1996). A
volume of 1.5 mL of non-fermented or fermented
extract was added to 1.5 mL of a 0.1-mM ethanolic
solution of DPPH. After mixing vigorously for 30 sec,
the resulting solutions were incubated at 37°C for 30
min. The ability of the solutions to scavenge DPPH
radicals was measured by recording absorbances at
540 nm using a spectrometer. DPPH radical scaveng-
ing activity was calculated using the following
equation:

H

H, x 100

where H and H), represent the relative heights of the
radical peaks produced in the presence and absence
of sample, respectively.

Radical scavenging activity = 1-

Results and Discussion

Fungal cell growth in the sea tangle extract

A. oryzae is a filamentous fungus that has been
used to saccharify rice, other grains, and potatoes
during the production of alcoholic beverages such as
sake and shochu for at least 2000 years (Rokas, 2009).
We decided to evaluate the potential of an 4. oryzae-
based fermentation procedure to improve the
nutritional and functional qualities of seaweeds. We
first investigated fungal cell growth in sea tangle
extract. As shown in Fig. 1, fungal cell numbers
gradually increased as fermentation progressed. Dry
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Fig. 1. Fungal cell growth in sea tangle water extract.
Aspergillus oryzae was inoculated in the extract and
incubated at 30° as described in Materials and
Methods. Experiments were repeated three times.
Lines having different superscript are significantly
different (P<0.05).

weight of mycelium was calculated to be 1.243 g per
100 mL after 8 days of culture.

This result suggests that sea tangle extract contains
abundant quantities of the nutrients necessary to
support fungal cell growth. Therefore, the sea tangle
extract was fermented by A. oryzae, and the
physiochemical and nutritional changes of the extract
were investigated before and after fermentation.

Changes in the physiochemical properties of the
sea tangle extract following fungal fermentation

During fermentation of the sea tangle extract by 4.
oryzae, changes in pH and salinity were monitored.
The pH of sea tangle extract gradually increased as its
fermentation progressed (Table 1). However, the
reason for this was unclear, as 4. oryzae has pre-
viously been shown to generate organic acid and thus
cause acidification during the fermentation of car-
bohydrates. We assume that 4. oryzae may generate
basic compounds during the fermentation of sea
tangle extract.

Salinity of the sea tangle extract was not in-
fluenced by fungal fermentation and remained at
9.0%0 after fermentation (Table 1). This salt con-
centration provided a suitable environmental con-
dition for fungal growth because Aspergillus spp.
grow well in salt solutions with a,, values >0.7. The

Table 1. Physiochemical change of sea tangle water
extract by the fermentation of Aspergillus oryzae

Fermentation period (day)
0 2 4 6 8

pH 5.78 6.75 7.51 7.73 7.83
Salinity (%o) 9.00 9.00 9.00 9.00 9.00

Fermentation was carried out at 30°C.

a,, value of the extracts were calculated to be 0.97.

Changes in sea tangle extract composition result-
ing from fungal fermentation

It is well known that microbial fermentation
changes the properties of foods. Therefore, it was
expected that a change in the properties of the sea
tangle extract would occur during fermentation by 4.
oryzae. We determined the extract’s moisture, crude
protein, crude lipid, and crude ash content before and
during fermentation. As shown in Table 2, the initial
moisture content of the sea tangle extract was almost
96%. Moisture content was maintained at a near-
constant level during fermentation (increasing less
than 1%), and the extract’s crude ash content was
also not affected by fungal fermentation. By contrast,
its crude protein content decreased dramatically as
the fermentation progressed, with no crude protein
detected after 6 days of fermentation, suggesting that
A. oryzae may have used the protein as a nitrogen
source (Table 2). Levels of crude lipid and reducing
sugar also decreased during the fermentation period,
suggesting that lipid and sugar also would be utilized
as substrates for fungal growth.

Changes in sea tangle-extract free amino acid con-
tents caused by fungal fermentation

Changes in free amino acid (FAA) contents during
fermentation of the sea tangle extract by A. oryzae
were also investigated (Table 3). A total of 20 species
of FAA were detected in the raw sea tangle extract by
the FAA analysis. Among them, aspartic acid and
glutamic acid were the most abundant. Levels of
some FAAs were changed by 4. oryzae fermentation.
Levels of aspartic acid, proline and alanine decreased
dramatically during the course of fermentation.
However, glutamic acid known to be a major source
of flavor in the sea tangle extract, changed little
during the first 6 days of fermentation.

During the fermentation process, the most in-
teresting change was the increase in y-aminobutyric
acid (GABA) content. GABA contents of the sea
tangle extract increased approximately 3-fold after 6
days of fermentation. GABA is a non-protein amino
acid that is primarily produced from the a-
decarboxylation of L-glutamic acid, a process
catalyzed by the enzyme glutamate decarboxylase
(Oh, 2003; Fainesale et al., 2005). Therefore, we
assume that the observed increase in GABA levels
stemmed from the metabolism of sea tangle-extract
glutamic acid by enzymes secreted by 4. oryzae using
abundant,

GABA functions in animals as a major inhibitory
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Table 2. Changes of sea tangle extract compositions by Aspergillus oryzae fermentation

Fermentation period (day)

0 2 4 6 8
Moisture (%) 96.02 £ 0.02 96.52 + 0.03 96.58 + 0.02 96.79 £ 0.01 97.20 £ 0.01
Crude protein (%) 019+1.22 0.08 £1.26 0.03+0.93 ND* ND
Crude lipid (%) 0.80+0.57 0.79+£0.73 0.46 £0.79 0.45+0.71 0.37+£0.74
Crude Ash (%) 1.07 £0.02 1.14 £ 0.01 1.14 £ 0.01 1.156£0.01 1.03+0.05
Reducing sugar (%) 0.027 + 0.0006 0.014 + 0.0007 0.012 + 0.0003 0.012 + 0.0003 0.012 + 0.0007

Fermentation was carried out at 30°C; *, not determined.

Table 3. Changes of free amino acid contents by Aspergillus oryzae fermentation in sea tangle extract

(unit : umol/100 g)

Free amino acid

Fermentation period (day)

0 2 4 6 8
Aspartic acid 2,731.47 2,470.22 144.53 145.52 547 47
Serine 13.55 - 28.39 - -
Glutamic acid 2,207.05 2,084.93 2,175.05 1,915.60 605.71
Proline 275.35 - - - -
Glycine 68.45 166.35 28.70 73.98 -
Alanine 615.48 300.33 84.90 122.88 11.08
Valine 42.07 38.75 401.28 40.25 -
Methionine - - 7.87 22.03 -
DL-Allocystathionine 17.54 11.00 - - -
Isoleucine 12.93 12.12 25.42 31.80 -
Leucine 15.20 23.80 34.78 54.88 -
Tyrosine 12.09 13.02 17.79 25.01 -
Phenylalanine 20.91 21.08 21.81 25.32 -
g-Aminobutyric acid 14.19 34.95 44.02 18.10 9.1
Ethanolamine 46.20 41.08 73.23 144.40 -
Ammonium chloride 551.13 695.70 973.70 155.13 928.15
Lysine 18.28 18.98 31.80 21.85 7.46
Histidine - 12.17 5.37 12.95 6.45
Arginine 21.14 13.34 35.29 52.66 -

Fermentation was carried out at 30°C; *, not determined.

neurotransmitter (Mody et al., 1994; Oh, 2003). For
example, owing to its activities in blood pressure
regulation and the recovery of liver cell damage
induced by alcohol, GABA has recently been studied
as a bioactive ingredient in foods (Nakagawa and
Onota, 1996; Oh, 2003). The results presented in
Table 3 suggest that it may be possible to improve the
quality of the sea tangle extract by microbial fer-
mentation, even if the amount of GABA bioconverted
by A. oryzae is relatively low.

Changes in sea tangle extract DPPH radical sca-
venging activity caused by fungal fermentation
Previous studies have reported that aqueous sea
tangle extracts possess antioxidant and free radical
scavenging activities (Han et al., 2002). Thus, the
DPPH radical scavenging activity of the sea tangle
extract was compared before and after fermentation
by A. oryzae. The raw sea tangle extract (control)
exhibited 62% scavenging activity against DPPH (Fig

2). Scavenging activity increased as fermentation
progressed, peaking 4 days after its commencement.
The DPPH-scavenging activity of the fermented
extract was superior to that of the control extract for
the first 6 days of fermentation (Fig. 2). We assume
that the enhancement of DPPH-scavenging activity in
the fermented extract resulted from the biodegrade-
tion ofactive compounds from the sea tangle
packaged within its rigid structural matrix or from the
production of active compounds as a result of fungal
fermentation (Park and Han, 2006).

Changes of TP contents by fungal fermentation in
sea tangle extract

As shown in Fig. 2, the antioxidant activity of the
sea tangle extract was enhanced by fermentation. It
has been reported that phenolic compounds possess
various biological activities including antifungal,
antibacterial, antiviral antioxidant, and antitumor
activities (Jiménez-Escrig et al., 2001). These findings,
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Fig. 2 Changes of DPPH radical scavenging activity
by Aspergillus oryzae fermentation in sea tangle
water extract. Experiments were repeated three times.
Columns with different superscript are significantly
different (P<0.05).

together with our own results, led us to suspect that
fungal fermentation might change the content of the
sea tangle extract TP content. We therefore measured
the extract’s TP content before and after fermentation
by A. oryzae. As shown in Fig. 3, TP content
increased during the first 4 days of fermentation
before subsequently decreasing. These results were
consistent with the findings of the DPPH radical
scavenging assay. We suggest that the enhancement
of DPPH scavenging activity and increase in TP
content resulting from fermentation by 4. oryzae may
be connected.

o
<

e o
o o

TP mg PGE/g dry weight
o o o o
N w »

=4
a

0.0

0 2 4 6 8
Fermentation period (day)
Fig. 3. Changes of total phenolic compounds (TP)
contents by Aspergillus oryzae fermentation in sea
tangle water extract. Experiments were repeated three
times. Columns with different superscript are sig-
nificantly different (P<0.05).

As described above, fungal fermentation of the sea
tangle extract resulted in an improvement in its

quality, as measured by the enhancement of anti-
oxidant activity and increased content of the bioactive
compound GABA. These findings suggest that the
application of microbial fermentation to seaweed
processing may help in the development of various
processed foods to meet consumer demands.
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